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A WMY of mW@rq powm fm d+p br-adwp mctkns inltietal by polarizud cbwtawts

MM cm protcms huve ~ maral at cbutaxm bamkdlng aI@us uf 16 al 79 PleV. Ttm

r#ults Mw wnti with F- ralwlotkm Mrq both wtile (at 16 d 79 tleV) md Iaal

(at 79 M) Intmdlcm Ttw calculntkrks kclds nwlan-nulmn f- tn the S, P, ml D

Stutesald trm%, -%, tmrfaw,
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1. Intrducthn

Ttm st@ of mctkm hvolvi~ thra nuclms hm km stimulated war tii YWMS by tha

qMM fcr ~ to sstwal fasdrmtlrq q.Mbns for n(chr PtryWs, TM Imlti ttw

off-anergy-shell propwties of h rwhxm-nwlfmm (NN) form mi W nature of thrwimlf forcxs.

Tfm mathwnatlcal axxrw with which the thrm-lxxty problem cm be solvd by using ttm F*

mathal [ I ,21mf ampkyirq thu dflsuL.. of pairwia two-baty form batwam tha particl= k

~ty tmprmxl as tctmiqms mt annputhq fatliths have tmn ckvelopxt, Huwemr, me

fmtures of t~ calwlehims still remetn in w8Slon, d !hew must be sWkd before the calwldlons

cm b M to axtrcct frarn M cbta truly furbhantal prqmtie6 of th W mtardion Basically,

ttm diffiwlties mim bmxm, fcr mary sitmtiam of intard, the complexity of tha wlutitm

pmxsss wwld require m Wrcfinateanwnt of mxnputw tlrne were am to arnpluf a r&Wttc NN

form, such as tha Reid soft-me potential [3], Tiwwfm, praxdurs havekm cbvelopd in

attampts to axpxtite th drticm praxss white still melntainirq murwy mui mud phwics, W

WA prmdura [1,S]isto u ~dle, rutnlml NN fntardions, T- interactions are chmn,

of auma, to flt thetwo-batf cbtaover m qprqriatea nargfr arap; howew, mends toba wwy

that WJ tiitlord frexknn in swh lntarcctims - not yidd unpmical results, Another prtxxdure

[6-8] Is to mmof ttn)mxaptad lad Intwdlms,but to mnomlmoncmmpti time byakptlng

m qpropriate ~turbatimal s3mne. Wa we will prawnt the results of mlwlatiem Ming both

pnx&iIIwx No Cuulanb cmrwticms n MuM In tfnw calwdctlons.

The azpdmcmtal mww’u’rmts m ofd+p bmdwp darvdlas udrq PCWZWI WerorM of

16 MW at ttu LW Alm la Bmn Fmillty -79 tl~ at ttM Mima Unlvarsity Cyclotron Fmiltty,

fw most of this wk, It is ttm first tlma polmhutkm dwvtilm, ratM than jwt bti.up crm

~ims, wm mmsuti for tb khwnot!c mnft~ratlm tilbod At 16 t’laV w hmm dutarmtti

mdyziq ~ in a kirmatimlly imxnnplatn axpedmont ad hwe elm cbbrmlrd mal@KI

~ ~ ~ =ti~ fm RW’WQI fiwl-cw. ~.trk h khmmdtoallycmnplcto acpdmsntm
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At 79 tleV wa Me m@mmxi malyzing powers In klmmatlcally aunplete axparimds,

In prasanttrq all wr results, wa anpky h symmetric ctmlca for ttw yaxts [9] md disp18y

thedmolute Ma arrws, which we dxninatal by txuntirq statisti=.

2. DfJta at Ed = 16 ?leV

Date at atitm bomkdingamJY of 16 MeV wm obtaiml using tiw tandem Vrn tiOr~ff

=derti and Lmb-shift Polmized im mmxat the Los AIMntx Ion Bm Fatlity, The W@ mj

cbmtcrs ware laded in a 1~ cubical Wtarirq chamber, tiw “SUparCUba-, which tws four

lmbpmckmtly rotat~le tvntabks fcr mcwnttrq cb?dcdors in ~ azimuthal quathmt md which also

h ttm tzpbility of In)irq rotataidxmt th k dirwticm, Tim Si dattiws ware rrmgxi in AE-E

cmnfi~ratiorm to Wfmn Wticle ithntificaticm md wera mounted WA that both WPlmar md

nMcOPl~ Ma wld be dItaiti. TiM cbta-MiW prcmxkm was that of ttw ‘thrw spin state

mattmd- *ibd in rat [ !01.

21. Kih?meticdly incomplde oxfltwimmt

This axpwimd wnpluyd a mm ~ tqpt cud M b cmnplotai ad publishai [ 1 I ].

Brlafty, ttm proton camtlnuum from ttu ‘H(d,p)pn mtla w= MuM at lb anglas frun 158 to

ttm prota’i cmtinuum arnw#, This ww lha fint wch axparimmt parformai in wch cbtai I md with

Wfficia’d ~ rdution in ttw final state to M effds frmn pn pairs ammgtq in e Wqlat

8tate. Bexm of this, wvmal amllar mbonwptim ww cl- up by Utls wcrki F&kMv

calculations usifq a w~la NN intafutim wwa frond to IM in r~le ~mmtmt with UM hta,

22 Symmetric, mnstunt-relative-ener~ (SCM) fwmetry

Tlw SCRE ~ctry to axpdai to tm meitiw to mrtain mpmts of the NN intarwticm
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[ 12-141ml tw e final state ctwactartzd try aqual polur WKIleS of tfm two emarging protons and

qal relative anargies lMwee.n all pairs of ~ttclas. Here we uwd a rotattng pol@hylana targel

and cMMal ttw protons in wlncidarcs in a kimmatlrnlly txnplete axperfmant. Fm this

experiment,d theotlwrkiwmatimlly czxnplete experiments &xriM Mow, the wents frtxn

ti dstxtor are dlsplayad by an mllnawmputar in a two-dirnanstonal, anarw-shwlng *rum.

In suh a spdrum, the brmkup avanb uxur along a laws allowd by CSX?Wvattcm of anarw W

momentum and ware cl~ly avidsnt in all ths axparimats. Such klrwnatic M m ilktratst in

fig. 8 of raf. [9]. In ths SCM gmnetry, tlwra is onlyona kirmatic vwisble, the mgle a thathe

cm. r=tlon plana mdms with the km dirediom Fcr a =0” (c. m. proton mtxm?mtafrwmd) nnd

prohibitd by parity czmservution are\,&, ~, ~z, md~z--& -~y [9]. Here we msmufat

& ad ~z. In fig I we shu ttm results of w XRE m-ramants alcmg with W@ rasults of

F- f.alwlathns using ~able NN lnkicsctlons, TtM wild wrvas are from cdwlatkms ushg

thNNfmMM,[ll],dth~~~mmlts uslWamms rmntverslonoftb NN

form, ths faw Melkl 2’~R, 4T4R, P, D in raf, [ IS]. This latter fmxi 1s M Improvurmmt ovw

that of ref. [ I I ] In ttw Mlowlq -, First, it fits ttm NN phem shifts for !uxne stab Mar ad

%1-%1 NN stntas by Inurporathq *pnqrlata - ki tb fwm fdors. It wrn xmwhst

dlmmlnttng, thaqlh not ntirety um~tal, to find that tha calculatal analyzingpowarY m ao

similar fcr tha two NN Intarmtlms ( ft~ 1). We Ma that both wlculatlcms mm to umlrdlmat8

~ mttw mlcktleof tiwangulm rtuqpo In maklfqsucharnprlmrm, howwar, it tilclberdlzal
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that 6t 16 MeVthe WWB anargy of etch emerging nmlmn pair Is only WA 1.5 MeV, mci

Umrafme cm ex@s the bulomb fora to make its Influarm felt, at Iwst to some eudent. Same

astimetos of (lndomb effd.s in elaatic sxdtering are shown fn ref. [ I S].

23 Collinear puomtry

In ]is fifwl-stata gmet~, me of tha nulems (b tim mwlron) is left at rest in ths cm.

vIwn, thereby cmstroining the cm. momenta of the otk two (here the protms) to bs equal in

mcqpit~ mdcppositety dirtied, Brdup diffmmtial cross ~ims in such a prnatry two bwn

mmsured previously 116-18]. Two of thas@studias [ 16,17] indiMeU enhanczd sansltivity to the

NN in~dim at allimity. A third stdy [ 18], twavar, wIM M tiwre is rm smh

smsitivitya’d that e wmsitivity w~ _ in ref. [ 16] only tmaus thetita wsre cumptmd with

Mculatia?s that @tnty m S-wwa NN f-,

Wc stdiad this qmstim furttwr by masuring sewn] tmscr analyzing powm, a!! well as

b-up crass sdiom, for d+p br~up at 16 MeV. Tha appmtus was th me as for ths work

-ibed in d. 2.2. Two collim ~etries wara Wdisd, with *tmtai proton lab mglsa of

33.4”-33.4” md 24,40-40.0”. 10 tittion, two ~atrias just outsiti of tiw cnlli- region

weraalw lnvestf@al, w!th protcm M eqllOs 31.49 -31.4” md24.4”-35.0”. in fig. 2 wastmw the

melyzirq - IWrq tb M statistical axur~, tha mmbinaticm -~~Y/2 at 24.4°-40.00.

lb cbta are displ~ w a function of nlwqth mcumd tim klnmnattc bus, with th czdllneu’ity

ptnt behq at wc~ = t). Ttm curm #w Uw rmlts of Fakbv calculattms ud~ tha NN

Int&@lms matlcmi in M 2.2, Tiw -M of h calculatkmswith ~pdm~t is

rtile, wnst~irq tlwt ~ MMnb fwcs is mqldul Aim, thare qI~9 tob nostriktng

amaty at W@ mllfrwlty pint Them mmmetnls me trus a well fr ths otk m~remants,

which we rmt atwn hm.
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3. Dal.n 5i Ed= 79 HoV

In wckr to obtain CM that would be less sus@lble to uruxrt.dntles in interpretatim because

of ttm OxMnb fwca, we performed m=rsments of tonwr melyzhq pwars in tha SCRE ~e~

using a 79-MaV Plwiti dwtercm b at ttm Indhma Urdvmity Cyclotrm FIEility. lb two

AE-E (ktmtw systems aah cxmsistd of a O.S-mm-thick Si dBMor ~ a 10-mm-thick,

m-pure @ ~t~t~. TW t~mt wus po~tM~, -t 10 mti~2 thi~. SUPPWti~ t~

ckbxtor *S left ad riot of Um irmidsnt h w-e two platfwms that m rotata im@amMly

tit tha ban dimtim, thus allcMng in@encMt djustmant of tha dstector-system IMlar md

azimuthal qlas. Tha tie obtaird so fm m shuwn in figs. 3 md 4 along with tha results of

Fmlkev calwlatims, TM wlict curves we fran a maculation using a sapartile NN tntemtion thot

is o mdifid wsicm of tlw impruval fw~= manthxd in ~ 2.2, The matifiwtion w= to tha l%

md tmwr amnponmts, md it wss felt that Um ~ wmld improvo tha intamticm f~ w in

Ulrm-b@ mlmlaticms at him ermgies, but wcwld IWO the rasults at Icrwar margi~essuntialty

urctwspd Ttm chshed curves we from e cakulotlcm [6,8] uslrq tim ( hxal ) Retd mft-are

intsrctim [3], in which W pure s-wow pwls of ths forca me inciti amtly, and the hi@wr

pdiol-wwe cmmpmnts m tided in first -. Tha croswsj curm ore from a calculation using

a qdle simulaticm of ttm Pmis Potantial [ 19]. It is ~ that tha lad potential reprmhnxs tlw

wtolyzing PUWW ~ bettw Vm tha wpw~lo tntwdions,, It appews, tharefore, that at this

hiqhar snargy tha bmkup Is sensitiva arq#I to tha NN intermtltm to iMMe sxne difficulty with

them mpwdh Intwmtlons. Furtim work 1s ti to dimvor just wtw% the trouble Iias,

4. (hlCIu8taBs

We hew dl~ memurarnants ti F- colculattms of nlyztng powars fcr tha d+p

brmkup mwttm a! pohrtmt t3xI~hmuI bomlwdhg mrgbs of 16 aid 79 MoV. We fwmt that



-7-

calculetlms usl~@le NN lntemctlons didremormbly well in reprm%dng Ilw 16-MeV @te,

tdirq into unsi&ratim h fd thet the premrw of the Coulanb forcz Injats some unmrtalnty

into the ampwixm et that ener~, At 79 fleV, we discxnmrd that neither of the two ~I#Ile NN

tnterutims we @ ~ ~tsfdory qrwnent with h terror melyzirq power \Y, but the

lcnxl-@r,!ial calculation did quite well, wn ttm@ the hl@er pwtlal weves In the NN lntemtlon

wee trded in perturbatim It stxuns, thmfwe, thet this energy fs e @ one et which to study

NN int~ctkm pr~ties impcrlmt fw thrw-lxdy c$manics.
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Fl~re CqIttons

Fia 1, Maremmts ( ~lnts) MM F@lEJV calculathms ( mrve8) of twtsx’ malyzlng -O for the

d+p brdup rdicm in ttm WE ~etry. Ths pol~imlcbuteron bunbsrdirqerqy is (6 MeV.

The mlwlaticms are ~itd In sxt. 2,2.
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f IQ2. Mmumnemts ( fmlnts) md Fcallmv calculatkms (curves) of the lrdlcatd mmblnstlon of

tmmr tmatyzhuj -S mural the kkmrnatlc Iccus fm ttm d+ p brakup raMm at a polwlzd

ckWron tmnbwding emrgy of 16 tleV. Ttmtwoprotms In the fhsl state are Wmtd at Ieb mgles

of 24.4° ml 40.0”. lb adli~ity pint csxurs at mlqth = 0. Thecalculatkms cuw~itxd

In smt. 2.2.

Fhj. 3. Plesurwnents (points) ml Falkev cslwlatlons (curves) of the tmsor malyzl~ pmr ~

fcr the d+p b-up r~ticm in the XRE gmrnet~ at a @wfzed &u.lmm txmtwding ermrgyof 79

MeV. TM calculatlms m deucrttml In sxt. 3.

f lg. 4. Th tensor mwlng pcwer & at 79 MeV, 5ee ttwca@cm to fig. 5,
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